Conclusions-Early and mid-term restrictive RV physiology after repair of tetralogy of Fallot is related to the repair type. Although evidence for this physiology tends to resolve in the first few days after operation, it is highly predictive of subsequent abnormalities of RV diastolic function. Similarly, normal RV diastolic physiology without restriction in the immediate postoperative period persists in the mid-term and may be associated with the long term problems of progressive RV dilatation. (Heart 1998;79:481-484) Keywords: restrictive right ventricular physiology; evolution; tetralogy of Fallot; congenital heart disease Restrictive right ventricular (RV) physiology as indicated by Doppler detectable antegrade forward flow in the pulmonary artery (PA) in late diastole seems to be an important phenomenon after repair of tetralogy of Fallot.
Restrictive right ventricular (RV) physiology as indicated by Doppler detectable antegrade forward flow in the pulmonary artery (PA) in late diastole seems to be an important phenomenon after repair of tetralogy of Fallot. 1 Although relations with postoperative care, exercise tolerance, QRS prolongation, late arrhythmias, and outflow tract repair have been reported, several unsolved issues relating to this condition remain. [2] [3] [4] [5] While restrictive RV physiology can occur both early and late after repair, 2 3 it is not known whether this is the same phenomenon, nor whether the same anatomical substrate is involved. We recently reported that restrictive RV physiology was common at mid-term follow up in patients after repair of tetralogy of Fallot. 5 In another study by our group, 2 however, the marker for early restrictive RV physiology (within 24 hours) resolved in most patients before hospital discharge. It is not known whether this finding reflects methodology issues, haemodynamic change immediately after repair, or other contributing factors.
In this study, a cohort of patients examined in the immediate postoperative period were restudied to characterise the relation between early and mid-term RV diastolic physiology and to evaluate further determinants for this condition.
Patients and methods
Forty five patients who underwent repair of tetralogy of Fallot at the Royal Brompton Hospital, London between 1992 and 1995 had a prospective Doppler examination within 24 hours of repair to evaluate restrictive RV physiology (table 1) . Five patients were from abroad, so no attempt was made to include them in the follow up study. All patients were asymptomatic and not receiving regular medication. Fourteen patients were previously reported as part of an early study, 2 and 24 were reported as part of a mid-term follow up study. 5 Study protocols were approved by the hospital ethics committee, and informed consent was obtained from 34 of the remaining 40 patients or their parents.
Background clinical information was obtained from medical notes including cardiac catheter reports and surgical discharge summaries. The surgical technique for tetralogy repair in our institution has been reported. 5 
ECHOCARDIOGRAPHY
Transthoracic echocardiography was performed with a 3.5 or 5.0 MHz transducer interfaced with a Hewlett-Packard Sonos 1500 ultrasound system. Spectral Doppler recordings were obtained from the PA, tricuspid valve (TV), and mitral valve (MV). Standard pulsed Doppler at the level of the tips of the valve leaflets were recorded from the TV and MV. Pulsed wave Doppler of PA flow with the sample volume midway between the pulmonary valve and PA bifurcation was recorded as reported. 2 3 Restrictive RV physiology was present if antegrade PA flow (a wave) in late diastole could be detected throughout the respiratory cycle. 1 Velocity of the PA a wave and antegrade systolic flow as well as duration of the pulmonary regurgitation signal were measured from the same Doppler tracing. No attempt was made to quantify the volume of pulmonary regurgitation. Continuous wave Doppler was used to assess residual RV outflow tract obstruction, defined as a gradient of more than 40 mm Hg, and patients with these values were excluded from the final analysis. Recordings were made with simultaneous electrocardiogram, phonocardiogram, and a respiratory tracing. The mean of three measurements were analysed. Early recordings were obtained within 24 hours of surgical repair. TV Doppler was analysed at peak inspiration and MV Doppler at end expiration. . The null hypothesis was rejected when p < 0.05.
Results

EARLY POSTOPERATIVE DIASTOLIC PHYSIOLOGY
Sixteen patients had restrictive RV physiology early after repair. Two of 18 patients without restriction were excluded from the mid-term study: one because of residual pulmonary stenosis, and one because of the presence of a residual ventricular septal defect. Table 1 lists patient characteristics early after repair. Patients with early restriction tended to be older at repair (p = 0.1). Transannular patch repair was present in 87.5% of patients with restriction and 47% of those without restriction, respectively (p = 0.01). Table 2 lists determinants for early restriction. The need for transannular patch repair was the only independent predictor for early RV restriction with an odds ratio of 4.3 (p < 0.05). Table 3 lists patient characteristics at mid-term follow up. Age at repair did not diVer between patients with and without restriction. TV E deceleration time corrected by √RR was 4.2 (1.6) patients with restriction and 4.9 (1.7) in those without restriction (p < 0.05). Table 4 lists determinants for mid-term restriction. Early RV restrictive physiology was the only independent variable associated with mid-term restriction with an odds ratio of 6.0 (p = 0.01).
MID-TERM DIASTOLIC PHYSIOLOGY
EVOLUTION OF DIASTOLIC RV PHYSIOLOGY
Nine of 16 patients with early restriction also had restriction at mid-term follow up, whereas 15 of 16 without restriction continued without restriction. We restudied three of four patients from the study by Cullen et al who had restriction physiology at hospital discharge. 2 Of these patients, two had restriction at mid-term follow up, and one did not have restriction. Table 5 shows a comparison of variables in patients with early restrictive RV physiology at midterm follow up. TV E deceleration time was significantly shorter in patients in whom restrictive physiology remained rather than in those without late restriction (101.3 v 134.6 ms, p < 0.03). There was also a tendency for a shorter RR duration and larger antegrade a waves in patients with restriction. 2 In this study early restriction is more likely to be present if a transannular patch repair is required. The results are also in accord with our mid-term analysis of the relation between types of repair and diastolic RV function, which also showed that transannular patch repair was an important determinant for mid-term restrictive RV physiology. 5 It is impossible to predict, however, whether this reflects the eVects of such surgery or an intrinsic myocardial problem associated with the need for a transannular patch-that is, whether there is a preoperative anatomical substrate related to subsequent abnormalities of diastolic function.
MID-TERM DIASTOLIC PHYSIOLOGY
Our finding of resolution of the restrictive pattern in some patients has been previously reported. 2 In that study, however, the pattern of restrictive RV physiology resolved before hospital discharge in most patients and no later follow up data were available. In our present study, however, many patients with early restriction were also restrictive at a follow up of 1.8 years. Similarly, all but one patient without early non-restriction remained without restriction. Interestingly, the patient who developed restrictive RV physiology at follow up, although not fulfilling inclusion criteria of restriction at that time, had a prominent retrograde a wave in the superior vena cava Doppler recording early after operation. This flow pattern was present in most patients with restriction, and may indicate that this patient had restrictive RV physiology, perhaps masked by the presence of raised PA diastolic pressure. 5 
EVOLUTION OF RV DIASTOLIC PHYSIOLOGY
Resolution of RV restriction within two weeks of surgical repair and subsequent return in many seems to be paradoxical. This comes back to the earlier question of whether the anatomical or physiological substrate for restrictive physiology is present before operation, whether it is exposed by additional eVects of the procedure, only to return later as the RV fails to adapt to volume load imposed by pulmonary regurgitation and somatic growth. Regardless of the mechanism, when mid-term restrictive RV physiology was analysed by multiple logistic regression, early restriction was the only associated independent variable. Interestingly, the length of follow up did not correlate with restriction at mid-term follow up. It seems therefore that the anatomical substrate requiring a transannular patch repair is the most important determinant for early restriction, and mid-term restriction is most likely to occur if early restriction is present.
In our study TV E wave deceleration time was shorter 6 at follow up in patients with restrictive physiology who also had restriction at follow up, compared with those in whom restriction resolved. This finding is in agreement with the results reported by Gatzoulis et al. 3 We are aware of the limitation of E deceleration time as a marker for restriction, particularly in infants and children with high heart rates. It is also influenced by age, loading condition, and atrial pressures, and therefore this variable cannot be used as the only test for restriction. 6 In our study, however, neither age nor heart rate was diVerent in the two groups. At follow up heart rate was less than 100 beats/ min, and when corrected for heart rate, patients with restrictive physiology had a significantly shorter E deceleration time (p < 0.01). Early heart rates were too high and E deceleration time could not be obtained in most patients. E deceleration time is of no value for characterisation of these patients early after repair.
QRS DURATION
There were no diVerences in QRS duration between patients with and without restriction. This contrasts with the previous work of Gatzoulis et al who reported shorter QRS duration and fewer ventricular arrhythmias in patients with restrictive physiology. 4 Follow up in their study was more than 20 years, however, and QRS prolongation progresses with time. 7 The lack of diVerence in QRS duration between patients with and without restriction also seems to be in disagreement with our recent work. 5 In that study, QRS duration was prolonged in patients without restriction with transannular patch repair and there was no overall group diVerence in QRS duration. The QRS data in our study are not surprising given the short follow up and small number of patients without restriction with transannular patch repair.
While restrictive RV physiology early after repair and at mid-term follow up seem to be related, it is not clear whether the substrate for this physiology is the same as previously reported late after surgery performed up to three decades ago. 3 4 In the study by Gatzoulis et al, 4 only one patient had a transannular patch repair, and other preoperative and operative factors such as fibrosis may be more important for the evolution of restriction in these patients from an early surgical era. Longitudinal studies on our patients are required to address this question. All parameters, except heart rate early, are follow up data. a wave, velocity of diastolic forward flow in pulmonary artery (PA); PR, pulmonary regurgitation.
LIMITATIONS
We were not able to obtain complete follow up data on all patients. All eligible patients were invited to participate, however, and apart from overseas patients, no selection was made. Some data have been reported as part of two earlier studies by our group. [2] [3] [4] [5] In these previous studies, we focused on other aspects of diastolic physiology. The main purpose of the present study was to assess evolution of diastolic RV physiology, and it was therefore of vital importance to record and evaluate the presence of restrictive physiology in a uniform way. We are confident that the assessment of diastolic physiology is correct and the data obtained valid.
CONCLUSIONS
The strongest predictor for early RV restrictive physiology was the need for transannular patch repair. Restrictive physiology resolves in some patients at follow up, however, restriction persists in many patients. In fact, the strongest predictor for restrictive RV physiology at midterm follow up was the presence of early restriction. Furthermore, patients without early restriction are highly unlikely to have restriction later. The clinical importance of this new information is obvious. In most patients, assessment of RV diastolic physiology can predict subsequent diastolic physiology. Thus, patients without restriction with transannular patch repair should be followed carefully for long term adverse eVects of pulmonary regurgitation, whereas patients with restriction, regardless of the type of outflow tract repair, may be protected from the potentially deleterious eVects of pulmonary regurgitation.
